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LIDGERWOOD MWF’G CO., 
Bo Chi 
Philadelphia. 96 Liberty Street, Portland, Ore. 
Cleveland, O. New York. New Orleans. 
STANDARD | : 
Cableways, : 
High-Speed or 
ios Hoisting = 
Hoisting 
° AND § 
Engines. ; 
Built on the Conveying 
Duplicate : 





Part System. Devices, 


For Canal and Trench Excavating, Dam Construction, Wall and Pier Building, Mining, 5 
Quarrying, Logging, and General Contract Work. t 


“Fiske brother R he IInd it 


NON-CARBONIZING OIL_~> 


FOR USE IN AIR CYLINDERS OF 


<_ AIR COMPRESSORS, 


Also All Grades of Lubricants for use on Machinery 
Propelled by Compressed Air. 


(_—~—_-)eocae . 


OFFICE AND SALESROOM, No. 59 WATER STREET, 
er aceere: NEW YORK, U. 8. A 
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Established 1831. Annual Capacity 1,000, 


BALDWIN LOCOMOTIVE WORKS, 


Single Expansion and Compound Compressed Air Locomotives, 





Adapted to every variety 
of service, and built ac- 
curately to gauges and 
templates after standard 
designs. 
Like parts of different 
., enginesofsameclass per- 
fectly interchangeable. 





BURNHAM. WILLIAMS & CO., 
PHILADELPHIA, PA., U. S. A. 
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Compressed Air Mine Haulage. 


Safe from fire, handier, more reliable and more economical in installation 
and operation than other systems; adopted by representative anthracite and 
bituminous collieries after exhaustive examination. On dona fide request of 
mine owner or superintendents, or other prospective buyer, we will mail free our 
Sth Edition, 216 page catalogue, of steam, electric and pneumatic locomotives. 
To accommodate correspondents not in the market for locomotives, a copy will 
be mailed on receipt of 50 cents in stamps. 

Address mentioning ‘‘COMPRESSED AIR.”’ 


H. K. PORTER & CO, 540 Wood St., Pittsburgh, Pa. 
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BOSTON. NEW YORK. PITTSBURG. CHICAGO. ST. LOUIS. 


National Tube Works Company, 


Fi 





: 
MANUFACTURERS OF E 

Standard Steam, Gas and Water Pipe. 
Locomotive and Stationary Boiler Tubes. E 

Special Flanged Pipe for Compressed Air. 

Pump Columns for Mines. E 
Special Light Lap-Welded Pipe, fitted with the Converse E 
Patent Lock Joint for Water and Gas Mains. E 
E 


Cylinders with Dished or Flat Heads for Carbonic Acid 
and other Gases. 
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NEW YORK OFFICE, HAVEMEYER BUILDING. 
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= PULSOMETER "3 


“The Contractor’s Friend.” 


OFTEN IMITATED—NEVER EQUALED. 
OVER 20,000 IN USE. 


| 





Recent Important Improvements. 


The Handiest, Simplest val Most E Sicient Steam Pump for 
9 General Low Service Mining, Quarrying, Railroad, Irrigating, 
q Drainage, Coal-washing, Tank-filling, Paper Mill, Sewer and Bridge 
@ Contractors’ Purposes, etc., etc. 


Muddy or gritty liquids handled without injury to the Pump. 





PULSOMETER STEAM Pump Co. 


Catalogue on Application. — Correspondence Solicited. 


135 GREENWICH STREET, NEW YORK. 
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The rhe B. BR. Goodrich Compeiiy. 


AKRON RUBBER WORKS. FACTORIES: AKRON, OHIO, U.S.A. 


NEW YORK: CHICAGO: SAN FRANCISCO: 
66-68 Reade Street. 141 Lake Street. 35 New Montgomery Street. 


Rubber Goods_. 


OF FINE QUALITY, 
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| HOSE FOR ALL PURPOSES. Q 

: AIR HOSE for Rock Drills, Compressors, ILLUSTRATED 
: Mining Machines, Pneumatic Riveters, etc. CATALOGUE..% 
ri 

é STEAM HOSE, Ete. 

3 Belting, g, Springs of all kinds, Valves, Gaskets, Rings, Packing, etc., etc. 
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Do You Roast Your Ores ? 


YOU CAN SAVE 
Fuel, Cost of Repairs and Labor 


= BY USING —————— 


The Ropp Straight Line Furnace. 








FOR SALE BY 


PARKE & LACY CO., 


21 & 23 FREMONT STREET, ~— - SAN FRANCISCO, CAL. 
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Sole Licensees. Catalogue upon Application. 
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1 Lubricating : 

, . Thousands have been helped to better 

} pay and positions through our sys- §$ 

: ae tem of in- 3 
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Used for lubricating 2) Riles for this 

purpose at a cost of 


Air and Steam Cylin- 
ders, and Main Bear- 


$225,000. : 


ings of shaftson large m Courses of Steam, Electrical, Mechanical or 
Hoisting Engines,pre- 9 Civil Engineering; Chemistry; Mining; Me- 
; chanical and Architectural Drawing; Survey- 
ing; Plumbing; Architecture; Metal Pattern- 
Drafting; Prospecting; Bookkeeping; Short- 
stops, cup stops feed- @ hand; English Branches, 
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ith pays for a College Edu- j 
g- $2 a Month cation at Home. 45,000 
Students and Graduates, , 
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vents them from get- 
ting hot. When engine 


McCANNA BROS., Circular Free. State subject you wish to study. 


57 Wects St., § The International Correspondence Schoois, 
CHICAGO, ILL. n Box 1132 SCRANTON, PA. 
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THE DAVIS & ROESCH. 
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THERMOSTAT, Temperature Controlling System, 
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Do you desire an even temperature in your house and office ? 
Do you consider an even temperature conducive to health and 
comfort? 
Do you find an even temperature difficult to maintain ? 
Do you think your fuel bills are too high ? 
Do you consider economy of health and wealth wise? 
We assume there can be but one intelligent answer to these 
queries, and would suggest an investigation of our system as a 
means of attaining these most desirable ends. 


HOT WATER REGULATOR. 


Attach it to your 
hot water tank and | 
it will save you fuel 
and yourengineer 
trouble. 

It assures a regu- 
lar and even supply 
of hot water.and by 
preventing over- 
heating avoids all 
possibility of the 
Straining of water | 
pipes or faucets.and 
the cracking of bas- - 
sins or tubs. 


The Davis & Roesch Temperature Controlling Co., 
Treasurer’s Office, Havemeyer Bldg., 26 Cortlandt St., New York. 
: Factory, Bridgeport, Conn. 
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? COMPLETE POWER PLANTS: 
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Mining and Milling Equipments. § 
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FOR HIGH INITIAL AIR PRESSURES. 


FOSTER ENGINEERING CO., 


M'r’rs oF VALVES FOR REDUCING AIR, 
STEAM, WATER anv GAS pressures. NEWARK, N. J. 
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PNEUMATIC APPLIANCES. 


DRILLS, REAMERS, TAPPERS, 

RIVETERS, CAULKERS, CHIPPERS, 

HOISTS, MOTORS, COMPRESSORS, 
STAY BOLT CUTTERS, SAND SIFTERS, ETC. 





SEND FOR NEW CATALOGUE JUST ISSUED. 


C. H. HAESELER CoO., 
Cor. 12th and HAMILTON STREET, - - PHILADELPHIA, PA. 
1:5 a 
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CAMERON STEAM PUMPs. 


Simple, 
Compact, 
Durable, 
Efficient. 


NO OUTSIDE VALVE GEAR. 








ADAPTED TO EVERY POSSIBLE DUTY. 





MANUFACTURED BY 


THE A.S. CAMERON STEAM PUMP WORKS, 


Foot East 23d Street, New York. 
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¥ An Important Connecting Linki in Compressed Air Service. 


Moran Flexible Join 


For high pressure, indispensable. 

Tightness, safety, flexibility and durability 
assured. 

Parties making experiments with Com- 
pressed Air may have the use of the “ Moran 
Joint” free for a limited time. 





MORAN FLEXIBLE STEAM JOINT CO., 


- - . - - KENTUCKY. 
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** Our Name and Brand a Guarantee of Quality.’’ 


High Grade Rubber Goods. 


CHANNELING SPRINGS. 





BELTING. SPRINGS. 
TUBING. MATS. 
VALVES. MATTINGS. 
HOSE GASKETS. 
TUBING. PLAY PIPES. 


LINEN AND COTTON HOSE. 


NEW JERSEY CAR SPRING & RUBBER COMPANY, 


MAIN OFFICE AND WoRKS: 
Wayne and Brunswick Streets, Jersey City, N. J. 


BRANCH OFFice: 10 BarcLay St., NEw York. 
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Compressed Fir. 


A MONTHLY PUBLICATION DEVOTED TO THB USE- 
FUL APPLICATION OF COMPRESSED AIR. 


W. L. SAUNDERS, - - Editor and Proprietor 


A. E. KENNEY, - - -  - Managing Editor 
J. E. QUINTERO, - - - . - Treasurer 





Subscription, including postage, United States, 
Canada and Mexico, $1.00a year. All other coun- 
tries, $1.50a year. Single copies, 10 cents. 





Advertising rates furnished on application. 

We invite correspondence from engineers, con- 
tractors, inventors and others interested in com- 
pressed air, 

Allcommunications should be addressed to Com- 
PRESSED AIR, 26 Cortlandt St., New York. 

London Office, 92 & 93 Fleet Street. 

Those who fail to receive papers promptly will 

please notify us at once, 


Entered as Second-Class Matter at the New York 
N. Y., Post Office. 


VOL. III. JANU 


JARY, 1899. No. II. 


Lehigh & Wilkesbarre Coal Co. 
Wilkesbarre, Pa., Nov. 18, 1898. 
Gentlemen: 

In reply to your inquiry relative to the 
use of compressed air for operating 
pumps, we beg to state that we have no 
trouble whatever to keep them from freez- 
ing, as we insert a small pipe, or jet, in 
the pump close to the valve and inject 
hot water or steam, which effectually 
prevents freezing. In the summer time 
we use water just as it comes from the 
reservoir. Trusting that this will be of 
service to you, we remain, 

Yours very truly, 
W. J. RICHARDS. 
General Superintendent. 


The foregoing letter was addressed to a 
manufacturer of air compressors and is 
published here because it is practical. At 
this season of the year when freezing is 
common and when so many people are 
using compressed air to run pumps, it is 
of interest to know how to prevent freez- 
ing in the exhaust. This is a subject 
which the readers of ‘Compressed Air” 
will recognize as rather prominent in our 
thoughts, because we know that com- 


pressed air has been “turried down” on 
many occasions because of the complaint 
that it gives trouble through freezing. As 
it is generally admitted that compressed 
air as a power is supreme in mines and as 
pumps are largely used in mines, it is nat- 
ural that the miner should wish to oper- 
ate his pumps by compressed air. He is 
doing this in many cases under disad- 
vantages because of freezing. In the pis- 
ton pump the chief trouble from freezing 
is usually in the exhaust, which is gradu- 
ally choked by ice. Of course, the first 
thing to do is to provide a free exhaust 
for the pump which uses compressed air; 
by free exhaust we mean do not connect 
any pipes to it and have the exhaust as 
large as is practicable. 

In England they advise bell-mouthing 
the exhaust, that is, inserting in the 
exhaust a fitting or pipe which is 
shaped like a bell. Our experience has 
taught us that it is best to insert nothing 
in the exhaust, but to have it as free and 
open as possible and to turn one’s atten- 
tion to preventing the accumulation of ice 
by either reheating the air before it en- 
ters the pump, or by inserting water or 
steam. 

Reheating is obviously the best plan to 
follow, because it adds to the efficiency of 
the air by increasing its volume, due to 
expansion through heat. The objection 
to reheating in the mine is that the prod- 
ucts of combustion are discharged in the 
mine and interfere with the ventilation. 
This is true only where the reheating is 
done on a large scale, but it is seldom 
necessary to reheat on a large scale, as 
what is wanted is simply an addition of 25 
or 30 degrees of temperature, and if this is 
done properly it will require but a small 
quantity of fuel and will produce no more 
hurtful results than the.burning of half a 
dozen miners’ lamps. 

If electricity is used in the mine it will 
serve a useful purpose by putting in re- 
sistance coils in contact with the air, 
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thereby heating it electrically. It costs, 
of course, more to heat electrically than 
to heat directly by fuel, but compressed 
air is sensitive to heat; a little heat adds 
largely to its volume, and when other 
conditions are considered, it 
say that reheating electrically pays. 

A candle burning in a compressed air 
pipe will burn with greater intensity and 
will give off a larger heat effect than when 
burning in free air. The theoretically 
perfect reheater is that which burns a 
candle or some other substance within the 
air. A miner’s lamp has been placed in a 
four inch pipe and has warmed a consid- 
erable volume of air. It is difficult, of 
course, to arrange an apparatus by which 
this form of reheating is made practical, 
but that some one will devise such an ap- 
paratus we have no doubt. There is no. 
such thing as burning the air by internal 
reheating. The effect is simply to change 
the conditions by adding carbon and pro- 
ducing air and gas both of higher temper- 
ature, ‘hence both more efficient when used 
as power. 


is safe to 


External reheating, that is, simply ap- 
plying heat to the external surfaces of 
vessels containing compressed air, is the 
commonest form of reheating, and may 
be used even in mines. Small reheaters 
are now furnished by builders of air com- 
pressors and are placed near the valve of 
the pump, these heaters being so arranged 
that the products of combustion are car- 
ried off, or in some cases they are simply 
discharged in the mine, but little fuel be- 
ing required. These reheaters are some- 
times arranged to burn gasoline and other 
oils. Where pumps are used without re- 
heaters good results may be obtained by 
injecting water or steam on the plan men- 
tioned in Mr. Richards’ letter. Both 
water and steam carry a good deal of 
heat, that is, the specific heat is high com- 
pared with the specific heat of air, hence 
small quantities injected into the air di- 
rectly at the valve or inlet serve a useful 





purpose in giving out heat and thus pre- 
venting freezing. It is not always, of 
course, convenient to get hot water and 
steam down into the mine at the point 
where the pump is located, but one may 
be surprised to know how far steam and 
hot water may be carried. If convenient, 
the pipe carrying the hot water or steam 
should be inserted within the compressed 
air pipe, so that the heat given off through 
condensation will be imparted to the com- 
pressed air. If the pump is too far away 
use cold water, for it is strange to say that 
even cold water will prevent freezing in 
pumps using compressed air; this is be- 
cause the water gives off its heat to the 
air during expansion, and in addition to 
this mechanical scourer in 
washing away the ice as it accumulates 
in the exhaust passages. 


it acts as a 





Recent Progress in the Development of 
Pneumatic Dispatch Tubes.* 
By B. C. Bacheller, 

As you all know, pneumatic dispatch 
tubes are not an invention of recent date; 
that is to say, their commercial applica- 
tion began forty-five years ago. Every 
one is more or less familiar with them, 
as they are used in large retail stores for 
the transmission of cash from the various 
counters to the cashier's desk. Many 
large office buildings are equipped with 
them for dispatching messages from one 
office to another. The Western Union 
Telegraph Company has used them since 
1876 in New York City to transmit their 
telegrams from one office to another, it 
being found more expeditious than the 
telegraph. 

The United States usually takes the 
lead in the application of mechanical de- 
vices, but in the uses of pneumatic dis- 
patch tubes we are behind our European 
neighbors. *London, Paris, Berlin and 


—*Journal Franklin Institute. 
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Vienna for years have had their pneumat- 
ic tube systems for transmitting telegrams 
between the central and branch post of- 
fices, The service is not confined to the 
large cities, for Liverpool, Brussels and 
other smaller cities are now equipped 
with this modern method of transporta- 
tion. 

There is much misconception of the 
size, capacity, length and use of the tube 
systems of Europe, for which the daily 
press is principally responsible. I have 
seen it stated that Paris and Berlin are 
connected by pneumatic tubes. It goes 
without saying that such a statement is 
untrue. Many people believe that mail 
is sent through the tubes, but that is also 
untrue, for the tubes are not large enough 
for that purpose. They are used only for 
the transportation of telegrams and mes- 


fices are in the post offices.) The tubes 
are of lead, encased in cast iron and laid 
in pairs for dispatching in opposite direc- 
tions. Berlin has a similar system to that 
of London, but in Paris the tubes are laid 
in circuits with several stations on a cir- 
cuit. The carriers are forwarded in trains 
from one station to another around the 
circuit. 

It is not the purpose of this paper to 
describe these European systems in de- 
tail, but I refer to them to give some 
idea of the state of the art up to 1893. 

Admitting that the European cities have 
gotten the start of us in point of time, 
we are bound not to be_ beaten 
in the end. While they continue to op- 


erate their small 2- and 3-inch tubes for 
telegrams only, we begin by 
6-inch, 


building 
and use them to transport mail 














FIG, 1.—SBNDING APPARATUS AND OPEN RECEIVER, PRODUCE RXCHANGE LINE, 
MAIN POST OFFICE, NEW YORK CITY, 


sages. The largest tubes in London are 
only 3 ins. in diameter, while those of 
Paris and Berlin are about 2% ins. Fig. 
7 shows the Berlin and London carriers. 

The first tube was laid in London in 
1853 by the Electric International Tele- 
graph Company, under the direction of 
Mr. Josiah Latimer Clark. It was 1% 
ins. in diameter, and extended from 
Founder’s Court to the Stock Exchange, 
a distance of 220 yards. Year by year 
the system has been extended, until now 
the entire business section of the city is 
covered by the nework of tubes radiating 
from the General Post Office and termin- 
ating in the numerous sub-Post Offices. 
(In England the telegraph is controlled 
by the Government, and the telegraph of- 


in large quantities, and the beginning was 
made in the city of Philadelphia five 
years ago, when the first line was opened 
by the Hon. John Wanamaker, then 
Postmaster-General. 

It may seem to many of you like a sim- 
ple step, from 3-inch to 6-inch tubes, but 
I will say from experience that the small 
tubes were no guide or help to us in 
building larger ones. The methods of 
operation and apparatus used with the 
small tubes could not be applied to the 
larger. The principal reason for this lies 
in the greatly increased weight of the car- 
tridge, or, as we term it, carrier, that is 
dispatched through the tube. The weight 
causes friction against the walls of the 
tube and is a storehouse for energy that 


we 
. 
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must be taken care of when the carrier 
is brought to rest. A heavy carrier is 
like a heavy train on a railway. The 
carriers used in the small tubes are 
stopped by allowing them‘to strike some 
solid object, which can be done without 
injury to them, but the large carriers 
tsed in 6- and 8-inch tubes must be 
brought to rest gradually by means of an 
air cushion, and this involves the use of 
automatic receiving apparatus not re- 
quired in the small tubes. The more im- 
portant problems that had to be solved 
in designing the system of 6-inch tubes 
were the sending apparatus, the receiv- 
ing apparatus, the carrier and the tubes. 
This was for a line of two stations. When 
intermediate stations are used the prob- 
lems of switches and automatic receiving 


The lengths were joined together by mak- 
ing a counter bore at the bottom of the 
bells, into which the machined end of the 
adjoining length fitted, and filling the bell 
with yarn and lead caulked in the usual 
manner. 

Where it became necessary to turn cor- 
ners seamless brass tubing was used, bent 
to a radius of not less than 6 feet. The 
tubes were simply buried in the ground, 
one above the other, at a depth varying 
from 3 to Io feet, depending upon the lo- 
cation of other underground construction, 
such as water and gas pipes, conduits, 
sewers, etc. 

The line was, and still is, operated by 
an air compressor located in the base- 
ment of the main Post-office. This com- 
pressor is of the duplex type, built by the 





























FIG. 2—SENDING APPARATUS AND CLOSED RECEIVER, PRODUCE EXCHANGE LINE, 
POSTAL STATION H, NEW YORK CITY. 


apparatus to select carriers at their des- 
tined stations had to be met. 

The first double line of tubes built in 
Philadelphia was laid from the main Post- 
office, Ninth and Chestnut Streets, along 
Chestnut Street to the sub-Post-office. 
now located in the Bourse, a distance of 
about 3,000 feet. The tubes were made 
of cast-iron water pipe, bored upon the 
interior to an exact diameter of 6% inches. 


Clayton Air Compressor Works, and does 
not differ, except in relative size of cylin- 
ders, from the compressors on the market 
for general purposes. It develops about 
25 horse-power and compresses about 800 
cubic feet of free air per minute to a pres- 
sure of 7 pounds per square inch. The 
dispatching and receiving apparatus is lo- 
cated on the main floor of the Post-office 
near the cancelling machines, and in the 
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rear room of the sub-Post-office in the 
basement of the Bourse. 

The tubes are in operation from nine 
o'clock in the morning. until seven in the 
evening, excepting the noon hour. 

The air current flows continuously from 
the main Post-office to the Bourse 
through dne tube and returns to the 
main Past-office through the other, thus 
forming a loop with the return end con- 
nected to the suction pipe of the com- 
pressor at the Post-office. There is an 
opening in the tube to the atmosphere 
near where it is connected to the com- 
pressor, so that the entire circuit contains 
air at a pressure above the atmosphere. 














emer ne os --- ee i cemr neuer 40 
FIG. 3.—DIAGRAM SHOWING THE PRESSURE AND 
VELOCITY OF THE AIR IN A PNEUMATIC TUBE. 


It is a pressure system rather than a 
vacuum system, as these terms are com- 
monly understood. 

Carriers occupy sixty seconds in transit 
from the Post-office to the Bourse and 
fifty-five seconds for the return tip. They 
can be dispatched at six-second intervals, 
or ten per minute in each direction. 

This 6-inch tube has been in operation 
for five years and is doing good. service 
to-day. 

Not content with this the promoters of 
this enterprise decided to go one step fur- 
ther and build an 8-inch tube. 


The second line was laid in New York 
City. between the main Post-office and, 
branch Post-office P, in the Produce Ex- 
change Building. It is similar in method 
of operation to the first Philadelphia line, 
but somewhat’ longer, the distance be- 
tween stations being about 4,000 feet; 
Some improvements were made in the 
sending apparatus, utilizing the air 
pressure to do what was formerly done 
by manual labor. See Figs. 1 and 2. 

When this Produce Exchange circuit 
was opened for business the construction 
of a second circuit was well under way 
in New York, extending from the main 
post office to branch post office H; on 
Forty-fourth Street, near the Grand Cen- 
tral Depot, a distance of 3% miles, with 
three intermediate ‘stations on the line; at 
Postal Station D, Third Avenue and 
Eighth Street; Madison Square Postal 
Station, and Postal Station F, at Third 
Avenue and Twenty-eighth street. 

The main line of this circuit was opened 
February 11, but the receiving apparatus 
for the intermediate stations is not yet 
completed. This is the longest circuit 
built thus far. The inside diameter of the 
tubes, like the Produce Exchange cir- 
cuit, is 84 inches. There are two tubes, 
one for dispatching up-town and the oth- 
er down-town. They are operated by air 
compressors, located one at the post of- 
fice and the other at Forty-fourth Street. 
The time of transit of the carriers in 
either direction is about seven minutes. 
The air pressure at the compressors is 13 
lbs. 

During the Avtumn of last year a cir- 
cuit of 8-in. tubes was constructed in Bos- 
ton between the main post office and the 
North Union Railway Station, a distance 
of about 4,500 feet, or a little less than 1 
mile. This is similar in all respects to the 
Produce Exchange line in New York. 
It is used to transport the outgoing mail 
from the post offices to the trains, and the 
incoming mail from the trains to the post 
office. 

On Thursdav, April 7, a circuit of tubes 
between the main post office and the 
Pennsylvania Railroad Station at Broad 
Street, in Philadelphia, was formally 
opened for the transportation of mail to 
and from trains. Since then an interme- 
diate station has been established at the 
Reading Terminal. The tubes are laid 
from the post office through Chant Street 
to Tenth Street, up Tenth Street to Fil- 
bert Street, and out Filbert Street to the 
Pennsylvania station. 
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Another circuit has been constructed 
between the main post office in New York 
and the main post office in Brooklyn, by 
way of Brooklyn Bridge. 

The total length of 8-in. tubing in all 
these circuits is a little more than 17 
miles. This has all been manufactured 
and laid under ground since August I, 
last year. 


Theory. 


A current of air may be made to flow 
through a tube by either pumping the air 
in at one end under a pressure above that 
of the atmosphere, or by exhausting the 
air, thereby reducing its pressure below 
that of the atmosphere. In either case it 
is the difference of pressure at the two 
ends of the tube that causes the air to 
flow. Both methods are used in operat- 
ing the London and Paris tubes, and both 
are used in the cash systems of our large 
retail stores, but all of our large tubes are 
operated by compressing the air so that 
the air-pressure in the tubes is at all 
points above that of the atmosphere. The 
determining of which system shall be 
adopted depends largely upon circum- 
stances. 

In the operation of short lines of tubes 
all of the machinery and apparatus can be 
concentrated at one point by using com- 
pressed air in the outgoing tubes and rar- 
ified air in the incoming tubes. 

So far as power is concerned. the ex- 
haust method is more economical, because 
nearly all the power is consumed in over- 
coming the friction of the air in the tube, 
and this friction varies directly with the 
density of the air. 

There are several reasons why the com- 
pressed-air method of operation is better: 
first, if there are any leaks in the tubes 
and they happen to be laid in the wet 
ground, water will be drawn in when the 
air is exhausted, while it will be kept out 
if the air pressure is above the atmospher- 
ic; second, air cushions, for checking the 
speed of the carriers when they arrive at 
a station, are much more efficient and ef- 
fective with compressed air than with 
rarefied air; third, cylinders and pistons 
used to operate sending and receiving ap- 
paratus can be made smaller when com- 
pressed air is used. 

There are two methods of using the 
current of compressed or rarefied air in 
the operation of a line, and _ these 


are termed the intermittent and constant 
methods. The first consists in storing 
compressed air in a suitable tank, or by 
exhausting the air from a tank; then when 
we wish to dispatch a carrier we place it 
in the tube and connect the tube with the 
tank by opening a valve. As soon as the 
carrier arrives at the distant end of the 
tube the valve is closed and the air soon 
ceases to flow. When a long interval of 
time elapses between the dispatching of 
carriers, this is the most economical meth- 
od of operation; but if carriers have to be 
dispatched frequently, a great deal of time 
would be lost in starting and stopping the 
air current throughout the whole length 
of the tube. Under these conditions the 
second method, which consists in main- 
taining a constant current of air in the 
tube, and in having the carriers inserted 
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FIG. 4.—CROSS-SECTION OF SENDING APPARATUS 


and ejected at the ends of the tube with- 
out stopping the current of air for any 
appreciable length of time, is much more 
rapid and efficient. This latter method is 
the one used in the operation of all our 
large tubes. The current of air flows con- 
tinuously all day, and the carriers con- 
taining mail are swept along like boats 
in a rapidly flowing stream. The analogy 
is quite perfect. The boats obstruct the 
flow of water and check its speed but lit- 
tle. In order to compute the speed with 
which the boats will pass from one point 
to another, we have only to know the 
speed of the stream between those points 
when no boat is in it. The presence of 
the boats does not change the speed ap- 
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preciably. So it is with carriers in a 
pneumatic tube; the air flows nearly as 
rapidly when a carrier is in a tube as 
when there is none. The friction of the 
carrier against the inner surface of the 
tube creates a slight drag, but it checks 
the speed of the air only a little. There- 
fore, in order to know the speed with whicha 
carrier will be transported from one sta- 
tion to another, we need only to know 
the velocity with which the air flows 
through the tube when no carrier is pres- 
ent. 

Let us assume a simple case of an 8- 
inch tube one mile long, connected at one 
end to a tank in which a constant air 
pressure of 10 pounds per square inch is 
maintained, the other end of the tube be- 
ing opened to the atmosphere. 

I have constructed a diagram showing 
the air pressure at all points along the 
tube (see Fig. 3). The abscisse repre- 
sent lengths of tube in feet and the ordi- 
nates air pressure above the atmospheric 
in pounds per square inch. At the tank 
end the pressure is 10 pounds, at the onen 


end zero, and at the quarter, half and 
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I have constructed another diagram 
showing the velocity of the air at every 
point along the tube. The abscissae are 
lengths of tube in feet, the ordinates ve- 
locity of the air in feet per second. The 
velocity at the tank end, quarter, half and 
three-quarter mile points and at the 
opened end is 59.5, 65, 72, 83 and 100.4 
feet per second, respectively. It will be 
noticed that the velocity of the air in- 
creases as it flows along the tube, and 
that it increases more rapidly as it ap- 
proaches the open end of the tube. The 
increase of velocity is due to the expan- 
sion of the air as it flows along the tube, 
and the expansion results from the fall 
of pressure. The mean of all the ordin- 
ates gives us the mean velocity, which 
enables us to compute the time of transit 
of a carrier through the tube. We can 
also determine from this velocity curve 
the time of transit between any two points 
on the tube which may represent stations. 

From the velocity with which the air 
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FIG, 5.—TIME-LOCK FOR SENDING APPARATUS. 


three-quarter mile points 7.91, 5.61 and 
3.01 lbs. respectively. It will be observed 
that the pressure curve is slightly convex 
upwards. This is due to the expansion 
of the air in the tube. The pressure curve 
of the flow of water in a pipe is a straight 
line. The fall of pressure along the tube 
is analagous to the fall of level in a 
flowing stream or to the fall of potential 
along a wire in which a current of elec- 
tricity is flowing. 


per minute. The quantity of free 
air and the initial pressure enables us to 
compute the horse-power required to 
maintain the current of air constantly 
flowing. Of course, there are numerous 
factors which enter into these computa- 
tions which are only determined by ex- 
periments and experience, such, for ex- 
ample, as the quantity of air that escapes 
from the tube at the sending and receiv- 
ing apparatus; the fall of pressure of the 
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air in flowing around bends and through 
the apparatus; the efficiency of the air 
compressor, etc. 

The temperature of the air, from the 
instant it enters the compressor until it is 
discharged at the open end of the tube, 
is an interesting and important factor in 
the theory of pneumatic transmission. 
Since pressures above 25 lbs. per square 
inch are seldom used, the air cylinders of 
the compressors are not water-jacketed, 
hence the air is heated by compression to 
a temperature found by measurement to 
be above the theroretical amount that we 
should expect from thermodynamic for- 
mulae. The reason for this will be un- 


almost constant, being about that of the 
surrounding earth. The compression 
may be considered as adiabatic and the 
expansion as isothermal with a small error. 

The atmosphere at all times contains 
more or less moisture in a state of vapor, 
and its capacity for water vapor varies 
directly with its temperature; that is to 
say, the higher the temperature the more 
water vapor will the air contain, and vice 
versa. The temperature of the air in the 
tubes is frequently and usually lower than 
the atmosphere out-of-doors, consequent- 
ly it often happens that moisture is de- 
posited upon the interior of the tubes. 
The quantity is never very great, but 














FIG, 6,--SET OF CUT-OUT SWITCHES FOR EIGHT-INCH PNEUMATIC TUBES, 


derstood when we remember that the in- 
coming air is heated by contact with the 
hot walls of the cylinder. When air is 
compressed to 7 lbs. per square inch, it 
leaves the compressing cylinder at about 
160 degs. F. We should expect much of 
this heat to be soon lost by conduction 
and radiation through the walls of the 
tube, and as the air flows through the 
tube, constantly expanding, it would not 
be unreasonable to expect considerable 
reduction in temperature by the time it 
reached the open end of the tube—a tem- 
perature considerably below that of the 
atmosphere. Experience teaches us that 
after leaving the compressor the temper- 
ature of the air falls rapidly, and that the 
temperature in the tubes underground is 





sometimes the carriers come out of the 
tube coated upon the exterior with a thin 
film of moisture. We use the same air 
over and over, thereby avoiding drawing 
into the tube large quantities of moisture- 
laden air. 

Having thus briefly discussed the the- 
ory of the flow of air in long tubes, we 
will now consider some of the necessary 
mechanical details. Keeping in mind 
our 8-in. tube, 1 mile long, con- 
nected to a tank of compressed air 
at one end and open to the atmos- 
phere at the other, thereby main- 
taining a constant flow of air through the 
tube. In order to utilize this tube and air 
current for the transportation of mail or 
merchandise, we must have some means 
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of inserting carriers containing the mate- 
rial to be transported into-the tube, with- 
out the escape of air. In other words, we 
must have some form of sending appara- 
tus or transmitter. This might be ac- 
complished by having a section of the 
tube with valves at each end to ston the 
flow through this section and conduct it 
through a by-pass. A carrier could then 
be inserted into this section of tube and 
the valves be turned to their normal posi- 
tion. Or, what we find to be more prac- 
tical is to have a section of the tube that 
can be swung out of line with the main 
tube to receive a carrier and then swung 


. 
I 2 


4 


to prevent carriers being dispatched too 
frequently. The period varies from six 
to fifteen seconds, depending upon the 
length of the line. The time lock is found 
necessary to prevent the collision of car- 
riers and to give the receiving apparatus 
time to operate. The time lock consists 
of a dash-pot filled with oil and arranged 
to lock the sending apparatus, except 
when the piston of the dash-pot is at the 
bottom of its cylinder (see Fig. 5). 

If our receiving station be located at the 
open end of the tube, then we must have 
some form of receiving apparatus to stop 
the carriers without shock when they ar- 


F1G. 7.—(1) Carrier used in the Berlin system ; (2) Largest carrier used in the London system ; (3) Six-inch 
carrier used in the first Philadelphia system ; (4) Eight-inch carrier used in New York and Boston. 


back into line again. This is the form 
of sending apparatus that we use in all 
our 8-inch tubes. The section of tube is 
swung by a cylinder and piston operated 
by the air pressure taken from the tube 
(see Figs. 1 and 4). The attendant has 
only to place a carrier in the sending ap- 
paratus and pull a lever. By using two 
swinging sections of tube, one of which 
is always in line with the main tube, the 
apparatus is ready at all times to receive a 
carrier. 

In connection with the sending appa- 
ratus, a time lock is used to measure and 
determine the time interval between the 
dispatching of carriers; in other words, 


rive. For this purpose we have in our 
system what we term an open receiver. 
It consists of a section of tube about 4 
feet long, closed at one end by a sluice 
gate and attached to the end of the main 
line. The air flows out through slots in 
the tube just before it reaches the receiver. 
When a carrier arrives it runs into this 
closed section of tube which forms an air 
cushion. The compression of the air by 
the stoppage of the carrier serves to op- 
erate a small valve, which causes the 
sluice gate to be raised by a cylinder and 
piston located above it. When the gate 
raises the carrier is forced out on to a 
receiving table, the pressure in the tube 
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being just sufficient to do this. The gate 
is automatically closed after the carrier 
has been discharged (see Fig. 1). 

If our receiving station be located at 
any other point on the line of the tube 
we cannot use this form of open receiver, 
for the pressure in the tube is so high, as 
shown on the diagram, that the air would 
escape with great force, hence we must 
use what we term a closed receiver, con- 
sisting of a section of tube forming a re- 
ceiving chamber and air cushion that can 
be placed in line with the main tube to 
receive the carrier, and then moved out 
of line with the main tube to discharge 
the carrier, the end of the main tube be- 
ing closed during this displacement. The 








is mounted upon trun- 
nions and is swung out and into line 
with the main tube automatically by 
means of a cylinder and piston set into op- 


receiving chamber 


eration by the arrival of a carrier (see 
Fig. 2). ; 
At intermediate stations on the main 


line of tubes we sometimes place an auto- 
matic receiving apparatus that will stop 
all carriers passing through the tube, and 
discharge those intended for that station, 
while all others are sent on in the tube. 
This is accomplished by placing various 
sized metal discs upon the front end of the 
carriers and having electric contact points 
at each of the stations set at graduated 
distances apart to correspond with the 
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sizes of discs on the ends of the carrier. 
When a carrier arrives at a station where 
its disc is of the proper diameter to span 
the distance between the contact points, 
and thereby close the electric circuit, then 
that carrier will be discharged from the 
tube; but if the disc is too small to span 
the distance between the contact points, 
then the carrier will pass on in the tube 
to the next station, and so on. 

Intermediate stations are usually sup- 
plied with cut-out switches, so that car- 
riers can be sent directly past the sta- 
tion without entering it. These switches 
are moved by air pressure, controlled elec- 
trically from the nearest station (see 
Fic. 6). 

There is no part of this system that has 
been the object of more thought and 
study than the carrier that contains the 
mail or other material to be transported. 
It is made of a seamless steel tube 23% 
inches long, closed at the front end by a 
sheet metal head and buffer, and closed 
at the rear end by a hinged cover pro- 
vided with a lock (see Fig. 7). 

The body of the carrier is about an 
inch smaller than the tube through which 
it travels, the space between the body of 
the carrier and the surface of the tube 
being filled by two fibrous rings that 
serve not only to prevent the escape of air 
past the carrier, but as wearing surfaces 
to slide on the lower side of the tube. 
These bearing rings are made of cotton 
fiber, and they will endure until the car- 
rier has traveled about 5,000 miles, when 
they become worn so small that they 
have to be replaced by new ones. A car- 
rier weighs 1334 pounds and will contain 
600 ordinary letters. 

The tubes used in all' the circuits thus 
far constructed are of cast iron bored ac- 
curately upon the interior, except bends, 
which are made of seamless brass tube. 
The iron tube is cast in 12-foot lengths, 
with a bell upon one end similar to gas 
and water pipes. A counter bore is turned 
in the bottom of each bell, into which the 
machined end of the adjoining length fits 
closely. The joints are made by yarn and 
lead caulked in the usual manner. 

Where short bends have to be made in 
the tube for the purpose of turning cor 
ners in the streets, entering buildings, 
etc., brass tubing is used bent to a radius 
of twelve times the diameter of the tube, 
or a radius of 8 feet for an 8-inch tube. 
A uniform radius is always used, for it 
facilitates manufacture. 
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In order to maintain a uniform and cir- 
cular cross-section of the tubes during the 
process of bending they are filled with 
resin. 

The location of the bearing rings on the 
body of a carrier also has an important 
relation to the bends in order to give a 
carrier of maximum capacity. Having 
determined the length and diameter of the 
carrier body, we place the bearing rings 
not on the ends, but at a point where, in 
passing through a bend of minimum ra- 
dius, the corners and center of the car- 
rier and the bearing rings will touch the 
walls of the tube at the same time. This 
can best be explained by referring to Fig. 
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cast iron tubes. The tubes are bored in 
a vertical position, for two reasons: (1) 
It economizes space; (2) the chips fall 
away from the cutters. 

The boring machines are placed upon 
galleries about 11 feet above the floor. 
The bell ends of the tubes are clamped to 
the machines and rest on a pedestal on 
the floor below. The boring is done bv 
six cutters attached to a head that is 
mounted on the lower end of a vertical 
boring bar. The bar is revolved by gear- 
ing and fed downward by a screw af- 
tached to the cutter head and extended 
downward through the center of the tube 
being bored. The feed screw does not 











FIG. 9.—CHRONOGRAPH USED IN PHILADELPHIA FOR LOCATING OBSTRUCTIONS IN PNEUMATIC TUBES. 


8. The rings C C are so placed that in 
passing through the bend the ends of the 
carrier touch the outer circumference of 
the tube at A A, at the same time that 
the body of the carrier touches the inner 
circumference at B, and the rings touch 
both inner and outer circumferences at 
DD DD; 

To manufacture the tubes, brass bends. 
carriers, sending and receiving and other 
apparatus used in the system, a factory 
has been erected at Tioga and Memphis 
Streets, Philadelphia. Much of the ma- 
chinery used in the various processes of 
manufacture has been especially designed 
for the purpose, and most noteworthy. 
perhaps, are the machines for boring the 


revolve, but is drawn downward by a nut 
attached to the pedestal on which the tube 
is supported. The nut is revolved by gear- 
ing and a rope belt driven from the ma- 
chine above. When a tube is placed in 
the boring machine the feed screw is 
pulled up through it and attached to the 
cutter head. The boring bar simply 
serves to revolve the cutter head and not 
to guide it. The cutter head is guided by 
four hardwood blocks that fit the finished 
bore of the tube closely. The pull of the 
feed screw also helps to keep the cutter 
head in place. The cutters are flat pieces 
of steel, with a cutting edge at 45 degrees 
with the axis of the tube. The angle of 
the cutter tends to make the cutter head 
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follow the core of the tube. After the 
bore is finished another head is attached 
to the bar, which makes the counter bore 
at the bottom of the bell. 

A special machine has been designed 
for bending the brass tubes, consisting of 
three rolls, one of which is adjustable. 
This operation of bending is one that re- 
quires much experience and skill on the 
part of the operator. 

Locating OUbstructions.—You will, per- 
haps, be interested in an experiment that 
we made in Philadelphia two years ago 
to locate a carrier that became lodged in 
one of the tubes. 

The Philadelphia line was laid in the 
Winter season, and before the trench was 
back-filled the loose earth became frozen 
and we were obliged to put it into the 
trench in that condition; consequently, 
when the ground thawed the tubes settled 
and one of them was broken. For a long 
time this break did not obstruct the pas- 
sage of carriers, but eventually one of the 
broken ends settled down more than the 
other and caught one of the carriers, 
blocking the entire line. We had no means 
of knowing where the break was located, 
and to excavate the entire distance be- 
tween the stations involved great expense 
and annoyance. I made several attempts 
to locate it by the fall of pressure, etc., 
but was not satisfied with the results, so 
decided to try a method of locating by 
the velocity of sound. 

he plan was to disconnect the ter- 
minal apparatus at one of the stations, fire 
a pistol into the tube, and note the time 
that elapsed between the discharge of the 
pistol and the return of the sound as an 
echo reflected back from the obstructing 
carrier; then, knowing the velocity of 
sound, a simple calculation would give us 
the distance from the station to the car- 
rier. 

I had a rough chronograph constructed, 
using a pulley for a drum, mounted upon 
a horizontal shaft with a crank for rota- 
tion and a screw to give longitudinal mo- 
tion (see Fig. 9). Time was measured 
by the beats of a clock pendulum, re- 
corded on the chronograph drum by a 
stylus which moved under the pull of an 
electro-magnet at each beat of the pen- 
dulum. The pendulum was arranged to 
close an electric circuit in the usual man- 
ner by swinging through a globule of 
mercury. In addition to the clock a tun- 
ing fork was used to measure time by 
the number of waves traced on the smoked 


surface of the drum. For the measure 
ment of small fractions of a second the 
tuning fork is more accurate and conven- 
ient than a clock, but when the period ex- 
tends over several seconds the work of 
counting thousands of small waves be- 
comes very laborious. 

I selected a fork tuned to 512 vibrations 
per second, which enabled me to measure 
to 1I-1000 of a _ second with a small 
error. In fact, with a little care it was 
possible to measure to 1-5,000 of a sec- 
ond. 

The fork was arranged in a horizontal 
position, having a horse hair cemented to 
one prong, which traced a sinuous line 
on the drum as the latter was turned. The 
sound of the pistol discharge was record- 
ed by a stylus attached to the end of an 
aluminum arm that rested against a rub- 
ber diaphragm. A chamber in the rear of 
the diaphragm was connected to the end 
of the pneumatic tube by a piece of rub- 
ber hose which conveyed the sound waves 
from the tube to the chronograph. <A 
cock was placed in the middle of the hose 
and partially closed before the pistol was 
discharged to prevent too great distention 
of the diaphragm by direct impact of the 
sound waves. The cock was opened by an 
attendant after each discharge and before 
the echo returned, in order that the feeble 
sound waves of the echo might not fail to 
be recorded. 

The muzzle of the pistol was inserted 
into the tube through a small hole in the 
side, the end of the tube being closed bv a 
funnel to which the rubber hose was con- 
nected. 

When the apparatus was properly ad- 
justed a measurement was taken in the 
following manner: The clock was started, 
the tuning fork set in vibration by strik- 
ing with a mallet or by bowing, and the 
drum rotated by hand; then the pistol 
was discharged and the cock in the rub- 
ber hose opened. A few moments only 
were required to count the waves of the 
tuning fork and from them compute the 
time. 

The experiments were usually repeated 
several times to eliminate errors. Five 
experiments gave the following results: 


EP ee eee ese. 2°791 seconds. 
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A thermometer was placed in _ the 
ground beside the pipe and the tempera- 
ture found to be 39 degrees. It was as- 
sumed that this was the temperature of 
the air in the tube. The velocity of 
sound at 32 degrees was assumed to be 
1,093 feet per second, and the increase of 
velocity for each degree of temperature 
to be 1.12 feet; this gives at 39 degrees the 
velocity of 1,101 feet per second. 

In 2.793 seconds the sound would travel 
3,075 feet, which locates the carrier at 
1,537 feet from the instrument. This indi- 
cated that the carrier was lodged 100 feet 
east of Seventh Street, and workmen were 
ordered to excavate at that point. Before 
reaching the tube air was heard escaping 
from the break, and the carrier was found 
almost exactly where it had been located 
by the instrument. 

It is impossible to say what the limits 
of the method are so far as distance is 
concerned, but experiments of Regnault 
show that the report of a pistol is no long- 
er heard at a distance of— 

1,159 metres in a tube 0’018 m. in diameter. 
oe) as ~~ ee ame S* ~ 
9,540 “s “c “< I‘'loo ‘ “4 


Sut the same sound waves will vibrate 
a senstive diaphragm at distances of 4,156, 
11,430 and 19,851 metres respectively. 





Driving Pumps by Compressed Air. 


By William Cox. 


“Compressed air may be, and should 
be, much more extensively used than it 
has been hitherto for operating pumps.” 

It must not be supposed, however, that 
any common steam pump, having at- 
tached to it a pipe supplying air under 
any hap-hazard pressure will perform sat- 
isfactory service. To insure such various 
details relating to the manifold operations 
to be performed must be carefully con- 
sidered and duly taken into account, so 
that from the variety of conditions pre- 
sented, a harmonious whole may _ be 
evolved. And even then, when the instal- 
lation, if it may be dignified by such a 
term, has been made with judgment and 
due regard to the exigencies of the case, 
high economy must not be looked for or 


expected, as the common direct-acting 
pump, no matter how driven, is and will 
ever be a waste producer. ‘Taking the 
pumps, however, as they. are generally 
met with, the object of this paper is to 
present in as simple a manner as possible 
the conditions which must be fulfilled, so 
that with the material at hand, or easily 
secured, the best results may be ob- 
tained. 

In what follows the following nomen- 
clature is observed throughout: 


D, or D,= Diameter of steam or air cylin- 
der in inches, 


d= Diameter of water cylinder in 
inches, ; 
1= Length of stroke in inches, 
n=Number of single strokes per 
minute, 

p,= Piston speed in feet per minute, 

Ixn 
oe 

E = Useful effect, efficiency or cor- 
rected capacity, 

G=Gallons of water required to be 
discharged per minute, (U. S. 
Gallons of 231 cub. ins. ), 

P=Gauge Pressure of the air in 
pounds per sq. in., 

V=Equivalent volume of free air 
required, 

h= Head in feet to which the water 
is to be pumped, 

p=Resistance per square inch on 
the pump piston =0°433 h. 


The first point which presents itself for 
our consideration is the quantity of water 
that is required to be handled, with the 
corresponding necessary diameter of the 
water cylinder of the pump, so as to se- 
cure good results in this part of the sys- 
tem. The formula giving the theoretic 
discharge of any pump cylinder is: 

0°7854d? xl xn 
G= 
231 
=0°'0034d? x1xn 
= 0°0408d* x pg... .....-- (1) 


By transposition we have 


d? = — whence 


070408 p, 


d=4'95/ G 
i re anki (2) 
Ps 
and allowing for a piston speed of 100 feet 
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per minute, which is very commonly as- 
sumed as reasonable, we have: 


I Wiiciicsuedenes +<0si8 (3) 


The following table, calculated from Eq. 
(1), gives the theoretical discharge of wa- 
ter cylinders of various diameters, in gal- 
lons per minute, the piston speed being 
assumed throughout as being 100 feet per 
minute: 








TABLE I. 

Diam’r of | Diam’r of | 

Water Discharge.|| Water Discharge. 
Cylinder. | Cylinder. 

2 inches. 16°32 c. ft. g%inch’s,| 368 22c. ft. 
2% °° 2550" ||10 * 4os'oo 
eS 7. * II “4 493.68 * 
3% ‘ 49°98 “ 12 - 587°52 ‘* 
4 “ 65°28 + | 13 a) 689°52 “ 
4% ‘“ 82°62 “* || 14 és 799°68 ‘ 
5 . 102°00 ‘** 15 91800 “ 
5% ‘“ 123°42 “* | 16 ts 1,044°48 ‘* 
6 “ 146°88 ** 17 o 1,179°12 “ 
6% + 172°38 “ | 18 “ 1,321°92 “ee 
7 “ | 199°92 ry | 19 os 1,472°58 “ 
7% ‘ | 229°50 “ 20 1,632°00 “ 
s = 26112 “ 21 = 1,799°28 ** 
8% “ 204 78 “ 22 ot 1,974°72 “ 
9 “ 330 48 “ee 24 ve 2,350°08 “ 











By means of this table the size of the 
water cylinder required to discharge a 
given quantity of water, on a basis of a 
piston speed of 100 feet per minute, is at 
once approximately seen. Thus, to de- 
liver 100 gallons a minute, a 5-inch cylin- 
der would be evidently required. 

It is well, however, to note that for 
pumps having but a short stroke, 100 feet 
piston speed per minute is excessive, as it 
causes too frequent reversal of the valves, 
while for long-stroke pumps this speed 
may be somewhat increased. 

The above discharges are the theoretical 
ones, which are far from being attained 
in practice. It would be safer and more 
correct, therefore, to assume as a general 
rule that the capacity of the water cylin- 
ders should be increased by at least 20 
per cent., to cover losses arising from 
looseness of the piston, valves, etc. The 
simplest way of doing this is to add 20 
per cent. to the required discharge, and 
then find in the table the size of the water 
cvlinder for this increased discharge. 
Thus, in the above case, 100 gallons X 
1.20 = 120 gallons, for which by the table 
a 5%4-inch cylinder would be necessary. 
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If it should be preferred to work this out 
directly by formula we have: 


a*= SS... whence 
0°0408p, 
d=5'4/ G 
; pa cocetettesssesd 


and for Ioo feet piston speed 
or ORA ODA x a.ccmdesricee esl §) 


Having thus calculated the diameter of 
the water cylinder which will at the given 
piston speed deliver the required quantity 
of water, we must next determine the di- 
ameter of the air cylinder, and the work- 
ing pressure of the air which will raise 
the required quantity of water to the de- 
sired height. ; 

The first thing to be done here is to 
decide upon a suitable pressure of the 
air. For several reasons high pressures 
are not recommended, the chief one being 
that of economy, seeing that, although a 
lower pressure will require a greater vol- 
ume of free air, yet the proportionate and 
absolute cost of the power necessary to 
operate a larger sized air cylinder (which 
consumes the greater volume of free air 
at the lower pressure) is considerably 
less. 

The steam or air pressure required to 
raise water to any given height is found 
by the formula. 

p—P xd? 
D,* 
__ 0°-433h x d® 6 
= D.® . (6) 
a 
transposing which, on the assumption that 
the pressure P has been previously decid- 
ed upon, we have for the size of the air 
cylinder: 
D 20°433h x d? 
4 pote 

As in the water cylinder considerable 
losses occur, so in the air cylinder such 
are inevitably met with, owing to clear- 
ance, leakage, etc. Assuming these to 
be 15 per cent. of the piston displacement, 
formula (7) becomes: 


9 _9°433h x d® x 1°15 
~“~* I00oP 

_o'5h x d® 

= Pp 
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Taking the case already referred to, 
where it is required to deliver 100 gallons 
of water per minute, using a 54-inch wa- 
ter cylinder, and assuming that the height 
to which it is to be raised is 80 feet, and 
that an air pressure of 20 pounds be used, 
we have by Eq. (8): 

p,t = 25%80x 55 x55 
é 20 





= 60°5 
and D,=7'8 inches. 


It would, therefore, be reasonable, as 
well as safe, in such a case to select a 
pump having say 8 x 6-inch cylinders and 
12-inch stroke. Pu es 

The next and last point, which is one 
of considerable interest, is the volume of 
equivalent free air required to do the work 
thus determined. For this purpose we 
have the formula: 

0°7854D,* x1 xn 
V= 





;' Ww 
1728 eo 


= 0°00545D,” x pg x We--- + -(9) 


in which the first expression gives the 
required volume of compressed air, while 
the second one, W2, reduces this volume 
to its equivalent volume of free air, being 
a simpler form of expression for: 


a! . 
P+147 _ 140°068P. 
14°7 
(See “Compressed Air,” Vol. IL, p. 246, 
and also Table V., Vol. II., p. 360. ) 

By this formula the value of W: for 20 

pounds pressure 1s: 
1-+-(0.068 x 20) = 2.36 
and inserting this value in Eq. (9) we 
have for the example given: 
V =0.00545 x 60°5 x 100 x 2°36 
=47°8 cubic feet, 

Assuming, as before, a piston speed of 
100 feet per minute and adding 15 per 
cent. to the volume of free air required, 
to compensate for frictional and other re- 
sistances, we have: 

V =0'63 x Da? x Wg. - ++ ++ (10) 


which gives 90 cubic feet of free air re- 
quired to pump 100 gallons of water per 
minute to a height of 80 feet, the pressure 
of the air being 20 pounds per square 
inch, the diameter of the water cylinder 
54 inches, the diameter of the air cylin- 
der 7.8 inches, and the piston speed 100 
feet per minute. 
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It must, of course, be understood that 
these formulas do not cover undue losses 
occasioned by friction in the delivery 
pipes, when these are either of too small 
diameter or considerable length. This 
point is an important one and requires 
equally careful consideration, so as to re- 
duce this friction to a minimum. Space 
does not allow of this problem being gone 
into here, as to do it justice would require 
an article to itself. 

From what precedes, it will be seen 
that the formulas required for solving 


problems relating to pumps driven by 
compressed air, are: 
For the diameter of ) 
the water cylinder t Eq. (5). 
For the diameter of )} 
the air cylinder. . ¢ Eq. (8). 
For the volume of ) ,, 
free air...... j Eq. (10). 


To be continued, 





Handling Baggage by Compressed Air. 





The illustration on our cover this 
month will at first sight impress our 
readers as a very desirable and clever use 
of compressed air. 

Mr. G. H. Wall, of Cadillac, Mich., 
who is connected \,ith the Grand Rap- 
ids & Indiana Railroad, last spring 
built and applied the pneumatic bag- 
gage handler shown in our engrav- 
ing. This device proved itself, in 
daily work, able to handle heavy bag- 
gage more rapidly than it could otherwise 
be handled, and to, moreover, do away 
with breakage of baggage. It consists of 
a very simple arrangement of air cylin- 
der and baggage support. The cylinder 
rests on the threshold of the car door. 
The upper portion of the baggage sup- 
port is semi-tubular in form and is swiv- 
eled to the cylinder; and one side of this 
tubular portion is cam shaped and bears 
against a plate placed just above the 
door. Thus when the support is rising 
it is automatically swung around by the 
cam action, carrying the baggage into the 
car. The device is operated by air drawn 
from the train line to a special reservoir 
and is handled by the train baggage man 
by means of suitable cocks on the inside 
of the car. It has a lifting capacity of 
500 Ibs., with 70 Ibs. of air. An auxiliary 
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spring scale device, located at about the 
center of the vertical length of the bag- 
gage support, provides for weighing the 
baggage as it is handled. It is said that 
the time consumed in loading a trunk of 
218 lbs. was 3% seconds, and the time of 
unloading 534 seconds. For country sta- 
tions the above appliance will save many 
a'trunk from being smashed, because only 
one man usually attends trains at such 
points, and the result of one man hand- 
ling a heavy trunk is well known. 





Paint Spray. 


The accompanying illustration shows 
the Bean pneumatic spraying machine for 
spraying cold water paint, whitewash 
or oil paints. It consists of a seamless 
steel cylinder 44 in. high by 8 in. di- 
ameter, with cast top and bottom, secured 
with four stay rods, a hand-pump attach- 
ment to furnish air independent of an air 
compressor or other power, a 2-in. hose 
and an 8-ft. bamboo rod, to which an 
improved spray nozzle is attached, enab- 
ling the operator to reach ceilings of ordi- 
nary height. 

The Bean pneumatic coating machine is 
not new, but novel. It has been in use 
for several years and continues to give 
satisfaction. Those who visited the World's 
Fair in Chicago in the spring of 1893 mar- 
veled at the rapidity and ease with which 


the great buildings were coated. This 
machine made it possible. 
To operate the machine it is first 


charged with air to 50 lbs. and then fed 
with liquid compressing the air, which 
forces it through the hose and nozzle 
upon the surface to be coated. The advan- 
tage claimed for this machine over others 
which have been put upon the market for 
similar purposes is that it is not simply 
a pump, but an independent air com- 
pressor, which enables one man_ to 
operate it to advantage, thus making the 
cost of maintenance just one half that of 
any other machine. 

The machine is tested to 1000: and 
cannot get out of order. At a recent test 
one man coated over 23,000 sq. ft. of sur- 
face in three hours and ten minutes. The 
machine is arranged for double hose con- 
nection, which gives it twice the capacity, 
if desired. The Rice Machinery Com- 
pany, 166 South Clinton Street, Chicago, 
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are general Western agents, and in con- 
nection handle a cold water paint for use 
in it. 





Jets of Air. 


Air at 75 pounds gage pressure will es- 
cape from a hole in the receiver at the 
velocity of 548 feet per second, from a 
short pipe at the rate of 658 feet per sec- 
ond. he velocity of flow varies but 
slightly at different pressures, only as af- 
fected by the opening, which varies the 
coefficient of contraction. Approximate 
results may be obtained in practice by us- 
ing the above named velocities for any 
pressure between 45 and 100 pounds. 

The rate of flow may be obtained from 
the size of the opening and the velocity 
given above. ‘ 

The heat of compression causes the 
greatest loss in the use of compressed 
air. This is being greatly reduced by the 
use of compound compressors. 

When the volume of air is heated 475 
degrees above its initial temperature the 
volume, at the original pressure, will be 
doubled. 

Air leaks in pipes are more expensive 
than steam leaks of the same size—about 
two and one-half times as great. 

he compression of air, at constant 
temperature, follows Mariotte’s law, and 
is inversely as the volume, the pressure 
being calculated in absolute units—15 
pounds more than gauge pressure. , 
—Natitonal Engineer. 


COMMUNICATIONS. 


Under this heading will be published inquiries 
addressed to the Editorof CoMPRESSED AIR. We 
wish to encourage our readers in the practice of 
making inquiries and expressing opinions 

We request that the rules governing such corre- 
spondence will be observed, viz.. all communica- 
tions should be written on one side of the paper 
only ; they should be short and to the point. 


Editor Compressed Air: 


I have a case where it is desired to reheat 
compressed air, to be used in a stationary 
automatic cut-off engine, consuming, per- 
haps, 300 to 450 cubic feet of free air per 
minute. We propose using oil burners of a 
small size and would like to know whether 
we can use a small-sized air re-heater, as 
the expense of a large size is rather too 








COMPRESSED AIR. 570 





BEAN PNEUMATIC SPRAYING MACHINE, 
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much. Can you give us any idea as to the 
number of heat units which will be neces- 
sary to raise the temperature of the air 
from 80 degs. to 375 or 400 degs., so that, 
knowing the heat units in the crude oil, we 
can get a pretty good idea as to the 
amount of oil which will be consumed. Of 
course, in a common open re-heater all of 
the heat would not be effective. About 
what per cent would you figure as effec- 
tive? 

I would greatly appreciate your views at 
length on this matter. PRACTICAL. 

Wheeling, W. Va. 


A large heater is required for this work, 
If you expect to heat the air to 400 degs., 
you might use two reheaters or a series of 
reheaters, though, except in stationary 
— we do not advise reheaters of large 
sizes. 


Four hundred and fifty (450) cubic ft. free 
air per minute, to be raised from 80 degs. 
to 400 degs. F., 


450 c.’ 

13 
heat units per degree rise in temperature; 
400—80—320 degs. required; 320 x 3.26—2643 
heat units per minute using oil=to 20,000 
heat units per pound, say, deducting waste 


heat=—14,000 heat units are available ed 
=.188 of a pound of oil required per minute, 
11.28 pounds per hour, or 112.8 pounds per 
day of 10 hours, or about 16 gallons crude 
oil per day, at 3c., would be 48c. price to 
reheat 450 cu. ft. of free air per minute 
from 80 degs. to 400 degs. 

The compressed air has slightly greater 
specific heat than free air, which may add 
a few cents to the cost while the efficiency 
will be increased by reheating 44 per cent. 


= 3434 lbs. x. 2377 = 8.26 





Denver, Nov. 21, 1898. 
Editor Compressed Air: 


I have been investigating the question of 
the development of heat in compressing air 
at low pressures, and have failed to find 
any table which gives accurately the heat 
developed. 


I will be very much obliged if you know 
of any table which will give the following 
information. If you will send it to me or 
advise me where I can get it, or if you 
can give me the figures in this particular 
item, I will be very much indebted to you. 


What I want to know is this: Given 10 
cubic ft. of air at 32 degs. F. and atmos- 
pheric pressure, how much pressure will be 
necessary to raise the temperature of this 
air to 33 degs., and how much reduction in 
the volume of the 10 ft. will there be at this 
pressure? 


Thanking you in advance for any trouble 
you may take in this matter, I am, 


Yours very truly, 
MINING ENGINEER. 
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The diagram shown on page 10 of ‘‘Com- 
pressed Air Production,” and also in ‘Com. 
pressed Air,” Vol. i, No. 3, page 7, shows 
the relative difference in volumes, press- 
ures and temperatures during the com- 
pression of air. This diagram does not give 
the difference as close as 1 deg., but it may 
serve your purpose; if not, we would refer 


you to Shones’ tables, printed in the 
“Scientific American Supplement’’ No. 279 
and prepared by Isaac Shone, C. E. We know 


of no tables closer than these, which are 
for differences of one pound pressure. They 
may be readily interpolated for fractions of 
a pound equal to 1 deg. rise in temperature, 
The only formula applicable to the case is 
that of Dubois and Réntgen, which was 
used by Shone in computing the tables 
published in the ‘Scientific American Sup- 
plement’ No. 279, to which we have re- 
ferred. The formula is for difference of 
temperature due to compression by com- 
pression or volume differences. It would 
have to be inverted for differences of press- 
ure or volume due to temperature. The 
inversion is not stated in the books, but 
can be done with some experimental com- 
putation. 


The formula is: 


p 0.29 

P 
in which p is atmospheric pressure=14.7; p= 
pressure of compression, which for your 
case we assume as 14.8, or one-tenth pound 
advance in pressure; 461.2=absolute zero F. 
and T=temperature above zero F., or 32 
deg., as you suggest; t=temperature of 
compression. The 0.29 is the logarithmic 
exponent, for which the computation must 
be logarithmic. 


X 4412+ T = t, 


.8 0.29 P 
” _ < 461,2° +. 83° = t and 
af 
148 — log. 1.170262 
14.7 = log. 1.167317 


Subtract 0.002945 
Multiply by exponent 0 29 


0.00085 405 
Add log. 498.2 = 2.693023 


2.69887705 


Log. number 
Subtract 


~ 494.19 
493.20 


.99° rise in temperature. 


You will notice by an examination of 
Shone’s table that an interpolation can be 
made that will answer all practical pur- 
poses for low pressures, and with care may 
be made for any pressure within the scope 
of that table. For low pressures 1-10 of a 
pound pressure, or volume, very nearly cor- 
responds with 1 deg. F. difference of tem- 
perature. 








For which United States patents have been granted, 
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ALPHABETICAL LIST OF PNEUMATIC INVENTIONS, 


records by GRAFTON L. McGILL. 
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Prepared for COMPRESSED AIR from official 














APPLIANCE, NAME OF INVENTOR. | DATE oF IsSsUF. No. 
eee ee 2 kee PINT ic. cailedenss clas | May 10, 1881 | 241,323 
“6 y oe ee re eee BEY sR sree atatadycistall asa | May _—_10, 1881 | 241,325 
6 ees meee MME ao raieitre shen eas | Dec. 7, 1886 | 354,014 
a ee bi iuis brome siantel\ hate erantianarvaia WEIS 50.:0.5:0:6:0:- 5100's | OGk 23, 1894 | 527,838 
ie. pte wie sacar eeRe Cos aie0e RMR IPD irs. sph 0.-< 5:6 oh0,07515 Oct. 9, 1894 | 527,327 
(ee RE er err Erdody..... ieee Dec. 12, 1893 | 510,594 
cage NS Set een IN oo ac: sinle wlan eee | Nov. 1, 1892 | 485,182 
eon eee F nieoiale ese ins so] IEE Ae 6S a iviaigre | Jan. — 21, 1896 | 553,498 
Set, Wael ceuttta iis siete giereidor 8 nix aeaieees MORI ini die’s disi'e Sinatra cues | Nov. 23, 1897 | 593,996 
ee ee shaders PUG inkectnnedaenxen | April 8, 1884 | 296,546 
Bll Fhe uae thet wince sic pase 460% 9 PU? eine vitaesearene tem | Nov. 4, 1884 | 307,535 
BOP Nateaty. cd cram nates nove aercets ene 9 Fa seralgic,o- Buhciaa hia aats Nov. 4, 1884 | 307,536 
RS Seren KIM te isha de wha aaspiaicna é ee | May ~— 28, 1872 | 127,332 
Be CRs ct ecer arate nOigy cel kilns valncnains [Ce eS en tel ariel | Oct. 31, 1882 > 266,684 
| Reis ue 
= it er ee eee a i eT eee ee Pee Wisk ey aie waa waste ai March 27; 1883 1 10,298 
es Ue chon dneke Peek e ERE cReTs PR Sw teeomniaicn aan | Dec. 18, 1894 | 530,937 
“5 2) CRETE = he Se OE aT SE Ee Re Laan | Dec. 18, 1894 | 530,938 
PY eialaidtsly alain aiate sty 54 BORO Raw orer Pwiteacaiafale,» Sted ecalpaleleins | Dec. 18, 1894 | 530999 
Pi Sepcaebavmusanuns Gheus seed French . ...........++| Jan. 29, 1895 | 533,286 
Re) rate Si aean tiene éorpib ater oO eee | March 24, 1896 | 556,815 
em ee ere er eee | Nov. 30, 1886 | 353,446 
We Veils ademas ernest ks NE os wanene: ve soawal Nov. 9, 1880 | 234,179 
eee een Oo ee NDS cha 0+ < vickon sie | Oct 20, 1896 | 569,915 
. CONiclsae en adhe ereenkuiteant Graebing........ -+++| Oct. 20, 1896 | 569,823 
 SMiiakkes “Waeakin eee eee | Feb. 22, 1898 | 599,421 
TY “gitswtaweseuiek taaaseh ovseors Green et Al... eee ee eel Dec 11, 1877 | 198,015 
BS la alg aga ig tale cio ee eee ones | Dec. 30, 1884 | 309,345 
ee PAS Serene ein tice bats RNIIS, orbs ceca eee | June 19, 1888 | 384,686 
PY Lier nw arses © Owe. + aes Baa RE EY” isan e uleeana coe | June 19, i8 8 | 384,687 
| ( Reissue 
“i Ramee er ee rene eae Er "ee co a wip hice conteeeoas April 15, 1890 | 11,070 
, Agua EON e Ee ee eee Pe ee ee Sept 30, 1890 | 437,300 
“6 gue ree Corte S Sept 6, 1892 | 482,040 
ee cps xia sitive Sein) + oRiswatats re)” | vetpiatela motets Nov 10, 1896 | 571,115 
Sy 6 heaiowana dente Ubamtev ge atiwain sie EN Ta ere Nov. 10, 1896 | 571,116 
a a! cer ee a goien. Sais ae’ 2's al” MEME tard a ee ree May 11, 1897 | 582,391 
ig ee ee ee ete ee ee re ee March 29, 1898 | 601,253 
De ) erndds hanen Kaxowmorsabaiee Haberkorn .... ....... Feb. 2, 1886 | 335.446 
OP, o irs see tc kiirg el ects = ats -| March  §, 1889 | 398,829 
OE) >) aiataceitts Ialea ere ee tie,acd tate beck | pa Petes ene Oct. 22, 1889 | 413,253 
ae Giak aie apes wie wanitsessroeucere on Sins +e. erat Dec 18, 1894 | 531,181 
Re inion aannns screk are. ere | COMMON ies y sd Seton d' August 30, 1887 | 369,057 
SOP ee aaa s Hee te OD | eh Sek s Sekera gies Oct. 10, 1882 | 265,671 
«Ag SP trae ha ee See RR | $e ~ cient ol ieesied Sept. 22, 1885 | 326,646 
BEh | pwinwibwie. Kisicisl cence eea ow eekinn PRION daa toatesael es ....| August 17, 1880 | 231,311 
pla ae iP Ee eile cave ce aateen fo Ver ® areinlemquce tera voles Dec. 29, 1896 | 574,062 
mL * - Seeeke cach atlas susthieneraiba eae | Hamaret al .......... March 15, 1898 | 600 641 
en eee, Pe mee | Hanney...............| Jume 14, 1892 | 476,880 
BS sr iemisa ass awa ee , PRMEP isicieiar dickeeanasts Dec. 16, 1890 | 442,621 
Pe + a vatekwew has bhutan Rel Sighelarta ek Sekktaanta April 5, 1892 | 472,190 
hh RE CORO OES PE er eee Oe orgielete Say amulets Feb. 20, 1894 | 515,220 
5 le ie RPL ne Rich aa Cr Pasi Rm SEY Ne a cchaesasincanuresre ia March 13, 1894 | 516,202 
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APPLIANCE. | NAME OF INVENTOR, | DATE OF Issue, | No, 

| Se ee Tee eee re Pere | ee eee | August 6, vn | $44,253 
- NN ee re ak isis: cs yea TN ee ee ar | Nov. 17, 1896 | 571,6 
CE CGRGS Si cnice supose os | EA’. Lomein dabtneeinn | Oct. 1, 189 Speed 
0 ere SRO 6 oan en esssio bog | Feb. 21, 1838 | 378,365 
ee PE ee Ceb thas ecansnn xe | Hayden. Ehniusidbiduiasseilt | August 30, 1892 | 481,651 
RU ree Rec oisiateie mins | bite Sealine hovnlecsinte ere | Dec. 5, 1893 509,898 
fe Bae ble bie gays als -6i.ae | Herder ...... .-| April 14, 1896 | 558,174 
i ce auernisis PINE sé sracacasshe | Nov. 24, 1896 | 572,009 
EO, ci inistuih bch sii bebe sac gl ae | March 3, 1896 | 555,809 
EE | Ra August 8, 1893 | 503,083 
ee eee LS eee | Nov. 14, 1893 | 508,421 
oe ee ee Hogan....... +eeeees| April 26, 1892 | 473,839 
MES SAE oxic Kio vi nive's vis sa laie Le! Weeven neaseeeken | Sept. 6, 1892 | 482,058 
BEES ison ib niches win nes siwisinnneis | t)  snsaiacaehwaok | March 3, 1891 | 447,731 
EG ES a. Sieh Cieth sien n5 a e:<0'egs ieee or | July 29, 1890 | 433,127 
2 eee eee Pri Mebuseiee baiaibiecciairs | August 5, 1890 433,594 
SEE Gk o's e's. oie ly wines Aaib 0 5's 01am Pr || Risateis ea ewe sina oe | August 5, 1890 | 433,595 
ee re S caver raisins | Jan. 5, 1897 | 574,866 
Pas a wios a kee wikcwic a kunwrews D - <apbnisn eee ae ee | Sept. 17, 1895 | 546,448 
EE CSE son See S oii sn twin Rene MV Gkashssancsscaee | Sept. 17, 1895 | 546,449 
Bee RE Gab s\n binh ls We acisin enon om et eu oe enmiaieiens ons Dec. 17, 1895 | 551,440 
Pe WE CE a Bip aos boobs oiic' Ssies\ewe:aw's £y J. Agtieneseaeeet Dec. 24, 1895 | 551,767 
5) ee i Sere rrr ee ere SUMMER os 5 5 5 G:05is oie Jan 12, 1886 | 334,020 
a Seb Rae! Kebtils oats neo sss se a5 ee en rer Jan 12, 1886 | 334,021 
‘Ae ee ee ee ee aS cere ae cease KG ie Jan 12, 1886 | 334,022 
A es eee ee er ee BPOMMMEODNS |. os a:0.0 «09's June 25, 1889 | 405,705 
REGEN bas SukGgacirn ss c0seseas CO ee June 10, 1890 | 430,024 
A Ce ee eee Ne Wide Mikes laihivionipe eat Sept. I, 1891 | 458,626 
Od Mah abs 60404 ion has dors se hw ws ee July 14, 1885 | 321,971 
OS See eee OWS D 5 g:0:0:<s\sin09 | Sept. 8, 1896 | 567,476 
PERN chien aaedehu naar news soaes | Humbert et al..,..,... May = 21, 1895 | 539,430 
Pe MEEK Mk bye tehintehnihin she see's WSs oS eee eee August 27, 1895 | 545,295 
ee aie ie eae in wins oh ce ne ven  datiedhe boca cone | May 4, 1897 | 581,912 
IRS eck ies cease sashes ws Rebeca ce es aicasae oe Nov. _ 13, 1894 | 529,270 
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Specially prepared Sor Chases COMPRESSED AIR from the 
Patent Office files by Grafton L. McGill, 
Washington. D, C. 


613,692—Air Compressor Governor.—Libby & 
Potter, Schenectady, N. Y., assignors 
to the General Electric Company, 

The switch mechanism is actuated by a 
piston and cylinder. A valve is located be- 
tween said cylinder and an auxiliary cylin- 
der, the latter supporting a spring-actuated 
pin, which opens and closes the valve. A 
spring tends to maintain the auxiliary pis- 
ton in its normal position, while an exhaust 
valve, connecting with the switch-actuat- 
ing cylinder, is normally closed by a 
spring-pressed device and opened by means 
connected with the auxiliary piston. 
=e 275—Apparatus for Heating and -Agitat- 

ing Air.—E. F..Porter, Boston, Mass., 
assignor to the Bay State Electric Heat 
& Light Company, Jersey City, N 

A series of plates are ‘heated by elec- 
tricity, or otherwise, and are so moved, 
relatively to each other, as to agitate the 


eaten seeuthensitinnn is pro- 
the distance between the 


surrounding air. 

vided to regulate 

plates. 

614,992—Air page. —Michael Schmidt, Cra- 
mer’s Hill, N. J. 

This invention. contemplates the employ- 
ment of an airmotor on a bicycle. The 
wheel is preferably of the ‘‘drop frame” 
construction and has an air chest on each 
side of the frame, connected with the bot- 
tom bend thereof by a pipe, having a shut- 
off cock therein. Eccentrics on the wheel 
shaft actuate the valves in the air chest, 
while air cylinders, one on each side ‘of the 





frame, are provided with air pumps, the 
latter having plungers, on which the 
treadles are located. 

Bell Ringer. 


Mr. E. M. Crandall, foreman of the St. 
Joseph shops of the K. C., St. J. & C. B. 
R has designed a locomotive bell 
ringer to be operated by compressed air. 
Several of them are now in use on the 
locomotives of that road. 








COMPRESSED AIR. 9 
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{ COMPRESSED AIR TOOLS. ; 


Sp Pneumatic Motor Hoists, Dritts, . 

“x; 

aie Reamers, Tappers, Crane Motors, 
Center GRINDERS, ETC., ETC. ..... 


DRILLS MADE IN FOLLOWING SIZES : 


as cat ie Ts. . 


1 extra OW ” haaein a ne eee 49 lbs. 


PNEUMATIC MOTOR HOISTS. 


HOISTS IN THE FOLLOWING ‘CAPACITIES. 
CLASS A. Differential. 
1,500, 3,000, 5,000 and 10,000 lbs. 
Length of Lift per minute 10 to 18 feet. 
CLASS B. Quick Acting Friction Brake. 


800, 1,500 and 2,500 lbs. 
Length of Lift per minute 28 to 36 feet. 


EMPIRE ENGINE & MOTOR CO., 


OFFICE AND WORKS: ORANGEBURGH, N. Y. 
$ CORRESPONDENCE SOLICITED. 
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COMPRESSED AIR. 


a ht tl tl ee 


COMPRESSED AIR PRODUCTION ; 


or, 


The Theory and Practice of Air Compression, 


By W. L. SAUNDERS. 


M. Am. Soc. C. E. 


Bound in Cloth. Price, $3.00. 


OD EDS £ VEST SOOS 1-ODOO LOS 


This publication is a practical treatise on air compression. 
The subject matter was printed serially in sixteen numbers 
of “Compressed Air,” and the demand for back numbers 
containing the Articles was so great, it has been published 
in one handy volume. 


6etoe1.ee1soeee 


Rules, tables, and data of value to engineers. 
Mailed on receipt of price. 
COMPRESSED AIR, 
26 Cortlandt Street, 
New York. : 


“The subject is treated exhaustively, both from a his- 
torical and engineering standpoint.’ The information is of 
greatest value to all those interested in the compression of 
air.” 


Tron Age. 


“ Embraces a full and clear description of the conditions 
of economical air compression and of the various machines 
and devices employed for the purpose. The writer has the 
best facilities for acquiring the fullest information in this 


special line.” ; Pa 
American Machinist. 
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[The Stearns-Roger Manufacturing Company, E 
i CONSTRUCTING ENGINEERS. 3 
3 Chlorination Mills, Electric Plants =r E 
3 ~_ Compressed Air Plants of any capacity. E 
om : 
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ROGER’S ITIPROVED CRUSHING ROLLS. 


Patented in the United States and Foreign Countries. 


: 
“These Rolls have been running very satisfactorily and appear to us to be unquestionably 
the best type of roll yet devised. General Manager, 


MOLLIE GiBson & A. J. MILLS, Aspen, Colorado.”’ 


VVYVYVYVYVYVYVYVYYYY 


Manvfacturers of all classes of Machinery for Mining and Metallurgical requirements. 
MAIN OFFICE, 1718-24 CALIFORNIA STREET, DENVER, COLO., U. 8. A. 
CAVVYVYVYVYVYVYVYVYVYVYVYVYVYTYVYVYVYVYVYVYV YY IV YT YY vy 
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F UNITED STATES METALLIC PACKING CO waa 


NITED STATES METALLIC PACKING CO., 


PHILADELPHIA, PA. 


Manufacturers of the most economical Air Tools in the 





market, such as 


PNEUMATIC HAMMERS, 
DRILLS, 
« TRACK SANDERS, 
” BELL RINGERS. 
Metallic Packing for All Kinds of Service. 
CHICAGO OFFICE: OFFICE AND WORKS; 
1003 MARQUETTE BUILDING. 427 NORTH {3th STREET. 
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MANNESMANN TUBE WORKS, 


SSS SSSA AEE 





Seamless Rolled Tubes_— > 


venouel for Ga ses 9 Compressed 


Air, Etc. e ° e . e ° 
Tested and approved by the 


hignes autriisand cov UNDER HIGH PRESSURE. 


America. 





Each Tube is carefully tested, Representative : 
anda Government Test Cer- 


pene gd furnished with CHAS. G. ECKSTEIN, 
249 CENTRE STREET, - - NEW YORK. 
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Established 
LESS. 


Hm 





C. & G. COOPER Ch) 


MT. VERNON, OHIO. 


CORLISS ENGINES. 


CoMPOUND. 





TRIPLE EXPANSION, 
SINGLE CYLINDER. 


Of all sizes up to 3,000 





Horse-power. 
— FOR — 
FACTORIES, RAILWAYS, ELECTRIC LIGHTING, 
ROLLING MILLS, AND ALL KINDS 
OF MANUFACTURING. 





CORRESPONDENCE SOLICITED. 


HOME OFFICE: MT. VERNON, OHIO. 
NEW YORK: Room 1022 Havemeyer Building, F. W. IREDELL, Mg. 
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NEW YORK OFFICE : ¥ 


122 LIBERTY STREET, Rooms 1005-1006, NEW YORK. 
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4 MANUFACTURERS OF oe 
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* y| QNEUMATIC HAMMERS ed 
NY PISTON AIR DRILLS Nv 
a*® \ebe, 
W PNEUMATIC RIVETERS Y 
“. CASTING CLEANERS b 
WI N/ 

NY) AIR HOISTS . vy 
oe, sate, 
Wy \\Y 

« All Machines Guaranteed Against Repairs for One Year. & abe, 
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Sent on Ten Days Trial, Subject to Approval. uw ut wt ut 
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OVER 200 IN USE IN THE UNITED STATES. 
OVER 3800 IN EUROPE. Saad & & & 
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Y REFERENCES FURNISHED UPON REQUEST. Y 
oy TRIAL ORDERS SOLICITED. vy 
 , Prvenenatice Vacl Co. 
4 bicago | ne umatie ool O. ff 
W 635 MONADNOCK BLOCK, - - CHICAGO, ILL. = 
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For ACE 
CONDENSERS 
MARINE Mounted on 
and Combined Air 
STATIONARY and 
Circulating 
SERVICE. Pomeu 


PROPRIETORS AND MANUFACTURERS OF 
WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER; WHEELER LIGHTHALL SURFACE CONDENSER; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER ; 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER. 


OS 10S 1 COS 1 00S 10S 1 O8e 19S 120 1 O0e 1 20S 1210 1 O0S 18S 1 OOS 1 S0e 120 1008 12001 210s 


G. WILFRED PEAR 
sed t. Officers of all Railroads am 
(1ssURD QUARTEBLY) THe POCKET LIST or 


Subscription Price, 


$1.00 per annum. RAILROAD OFFICIALS 
THE OFFICIAL Advertising rates on pee 
RAILWAY EQUIPMENT Descriptive of freight and pas- 
REGISTER senger cars of the Railways aud Private Companies ia 


the United States, Canada and Merico. 
Subscription Price, $5.00 per annum. Single copies, @1.00, 
THE RAILWAY EQUIPMENT & PUBLICATION CO, 
24 Park Place, New York. 


| | Electrical, Steam and 


{9} _Compressed Air J 





Apparatus vt vt ut 


Pee i See Nese Nese rsee ee 


St. Paul Building, 
New York. 
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Trimo Giant Pipe Wrench 


The strongest, safest and most 
durable Pipe Wrench in the 
world. Made and adapted for 
all kinds of work as well as 
hard or rough usage. Send for 
catalogue of Trimo tools. 


TRIMONT MANUFACTURING CO., Roxbury, Mass. 
FOR SALE BY ALL JOBBERS. 











16 COMPRESSED AIR. 


DOP NOS £GES GED ND SES NOOO — Dee 130e 100 ee DOe 10S 1O8e 12 


| COMPRESSED AIR } 
: INSTALLATIONS... 
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SUPERINTENDED. 


NDOO 1 COST SCLOSE 


Railroad and Other Plants Equipped. 
Compressed Air Transmission. ‘Compressed Alr. 


Iam prepared to report on engineering ; Practical information upon Air-Compression 


b6@to6@toee 


4 

‘ questions connected with compressed air and the Transmission and Application 

$ Propositions in manufactories, contract work, of Compressed Air. 

‘ railroad machine shops and any other enter- fay Frank RICHARDS. 12mo, cloth, $1.50 
* prise that now uses hand or other cower. § John Wiley & Sons, New York. 


I make a specialty of enumerating the uses = 
of air power, devising means for their main- 
tenance and supervising their installation. ‘ 

Ten years practical experience : build- § 
ing and operating air motors. solicit $ 
correspondence with street and AR. rail- 
Way companies contemplating change of 
motive power. 


pleises COOKE, [45 Broapway, N. Y. 
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THES HORTHAND are 
THE ELF-TAUCHT study oi ine 


Manual of Phonography, by Benn Pitman 
ENGINEERING and Jerome B. Howard. A perfect self-in- 


structor. Over 355,000 sold. Thousands 
AN INDUSTRIAL REVIEW 


have mastered it; socan you. Sold by all 
booksellers, or we will send with Phono- 

The Engineering Magazine has been aptly described as 
“* The Century of the industrial world and the Review of 


graphic Reader and Phonographic Copy Book, 
post-paid, for $1.25. Catalog and full infor- 
mation free to those who wish to investi- 
gate first. Send name on postal card. 
THE BENN PITMAN SYSTEM 
§ Reviews to engineering literature —the two in one.” Its has for “ye been the standard. Called 
indies oe yee the subjects uppermost in importance by U.S. Bureau of Education “ The Amer- 
, im industrial affairs. Its contributors include the foremost ; ” ‘ire a y %e Bai 
men of oyr.times. It gives each month an.exhaustive scan System. First prize, World’s Fair, 
Review and Index to the wold-wide range of technical 
literature — Ameiican, English, French, and German. It 
» is read in every nook and corver of the civilized world. It 
» is founded upon the idea of meetingther of the 


THE PHONOGRAPHIC INSTITUTE Co., 
222 W. 4th St., CINCINNATI, OHIO. 
\ busy and brainy men who manage, think, and plan for the 
engineering. architectural, electncal, rvilroad, mining, and 


: suchaeiert’ industries. It has a lar © bona-fide circu- 
% lation among such men than has ever been attained by an 
% engineering journal in all the history of industrial literature. 
5 [tts priceless to the active man who needs to keep in touch 
current developments, Its every page carries a living 

intelligent readers who are in any way con- 
$ cemed with modern industrial enterprises. Its subscribers 
are its warmest advocates and the Magazine itself is its 
best solicitor. Sample copy /ree.- 


3 30 Cents a Number; $3.00 a Year. v 
THE ENGINEERING MAGAZINE, 
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Retede. Trade Marks, Detait. 


Searches as to Novelty ; Reports on Infringe- 
ments; Patent Matters Exclusively ; 15 years 
Experience. Refers to Ay Ei this Maga- 
zine. FRANKLAND JANNUS, 
) Attorney-at-Law, Havemeyer Building, 26 
Cortlandt St., New York City —Office in 











: Washington, Atlantic Building. 
Always have Title Examined before Invest- 
x, aes New-York, U.S. A. ing in Patent Property. : 
x [NKNNXKKMRANK Sos enerecorecone noo 

















VOLUME No. 3. 


J 


Volume No. 2 of “ Comoressed Air” is about ex- 
hausted, and attention is called to Vol. No. 3, which 
will include all the numbers of Compressed Air 
printed from March, 1898, to February, 1899. 


Only a limited number of these volumes will be 
bound, therefore all those who desire to secure them 


should place their orders now. 
Price (postage prepaid), - - $2.00 
Other books on Compressed Air furnished. Send 


for circular. 


COMPRESSED AIR, 
26 Cortlandt Street, New York. 
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By Smaller Sized Air aman t 


we Call to mind the successful om 
of various applications of Compressed li 
= 


The American Gas Furnace Co., Elizabeth, N. J., 
uses a class “E” for shaping refractory E 
material for furnace work. 

The Hlinois Trust and Savings Bank Building 
use a Class ** K ’ for operating the Shone Sys- 
tem of raising sewage and pneumatic dispatch E 
tubes. ‘The Cultipres: or is driven by belt from E 
electric motor 

L. L. Man ing & Son, Plainfield, N. J., use aE 
Class ‘* KE” tacked up on the wall for driving E 
paewun itic tools for lettering on marble andE 

granite. It isa convenient m: chine for these E 
and similar works. 
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Catalogue No. 32 
AIR COMPRESSORS 12 Standard Types and 
many special patterns. 

Catalogue No. 41 
ROCK DORILLS—Mines, Quarries, Tunnels, 
Contract Work, Good Roads 

Catalogue No. 72 
POHLE AIR Lirf PUMP—W ater Works, Rail- 


roads, Factories, Irrigation, Etc. 


*eINGERSOLL-SERGEANT 


Havemeyer Building, New York. 
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CLAYTON AIR COMPRESSORS 















































| 
For os i and every 
Operating A ‘si other 
Pneumatic i purpose to 
hich 
Shop Tools ‘ whic 
fa Compressed 
Hoists, Etc. Teg 
Air 
Air Lift eaten 
eeeeaing applied. 


CLAYTON AIR COMPRESSOR WORKS, 
CATALOGUE. 26 Cortlandt Street, NEW YORK, 
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